Adrenal failure causes a complex disturbance of renal function and of sodium and water exchange. In the dog, as in man, the ability to conserve sodium is impaired (1, 2) , there is a fall in glomerular filtration rate and renal blood flow (3) (4) (5) (6) , and diuresis from water ingestion is much delayed (7, 8) .
There have been many reports of the effects of corticosteroids on discrete renal functions such as filtration rate or excretion of water and electrolytes in adrenal insufficiency. There have, however, been few attempts to correlate the changes in these renal functions, one with another and with the level of bodily hydration. Thus, from existing data, the effects of changes in filtration rate on other renal functions, or of changes in bodily hydration on filtration rate, cannot be clearly defined in relation to the action of corticosteroids.
The steroids most examined for their renal effects have been desoxycorticosterone acetate (DCA) and, to a much lesser extent, cortisone. Though DCA appears to act mainly on electrolyte excretion, yet, when given in larger amounts than are needed for optimal sodium balance, it may then correct the low filtration rate of adrenalectomized dogs (4, 8, 9) . It is not clear, however, whether this last effect is mainly or wholly dependent on excessive sodium retention, for no comparable studies appear to have been made at deliberately optimal levels of sodium balance (10, 11) .
Cortisone seems to be more active than DCA in restoring filtration rate (12) (13) (14) and water diuresis (15, 16) , and, by mechanisms which are not yet understood, it can either increase or diminish the sodium output (14, 15, (17) (18) (19) is little information about its effects in the adrenalectomized dog (14, 20) .
The investigations reported in this paper are an attempt to define more precisely the renal actions of cortisone and DCA, with special reference to their effects on filtration rate and on sodium and water exchange.
EXPERIMENTAL PLAN AND METHODS
Renal function was studied in two trained female mongrel dogs, before and after bilateral adrenalectomy, with the following objects: (a) to measure the effects of adrenalectomy on GFR and renal excretion of water and electrolytes, under controlled conditions of bodily hydration, but during escape from direct corticosteroid effects; (b) to compare the acute effects of cortisone and DCA on these renal functions, after adrenalectomy; and (c) to correlate the changes in these different renal functions with one another and with the state of bodily hydration.
Maintenance of the dogs
The dogs weighed 162 and 20 Kgm. They lived under optimal conditions on a constant diet to which 2 gm. of sodium chloride was added. 3 They were fed between 1 and 3 P.M. and had free access to water. After a twostage adrenalectomy, a state of optimal bodily hydration was maintained by daily intramuscular injection, at the time of each meal, of 0.6 to 0.75 mg. of DCA in sesame oil. In dog A changes in bodily hydration were induced by raising or lowering the DCA dosage (range, 0.5 to 1.5 mg. a day). Therapy was controlled by daily weighing and frequent measurements of fasting plasma specific gravity, electrolyte concentrations, blood urea, and hematocrit. Plasma volumes were measured by the T-1824 dye method (21) , using a Beckmann spectrophotometer.
The diurnal patterns of water, creatinine, and electrolyte excretion were determined, in relation to meals and DCA injections.
Measurements of renal function
Usual procedure. After free access to water overnight, 15-minute urine collections were started between 8 and 9 A.M. Half an hour later, a priming infusion of creatinine and PAH4 was slowly injected, followed by a sustaining infusion4 which was continued throughout the experiment. A 45-minute period was allowed for equilibration. After three or more clearance periods, 40 ml. of warm water per Kgm. were given by stomach tube. Clearances were then measured for a further three to six hours.
The following renal functions were determined: GFR, ERPF, urinary pH, and urinary outputs of sodium, potassium, chloride, and phosphate.
Blood was taken initially and at the midpoint of every third or fourth clearance period, and the red cells reinfused at the end of each experiment. Plasma creatinine, PAH, specific gravity, and electrolyte concentrations were measured in each sample.
The above-mentioned procedure was carried out under the following conditions: (i) before adrenalectomy, (ii) after adrenalectomy, while on optimal DCA therapy, and, in dog A, also when on inadequate and excessive DCA therapy and after intravenous saline infusion, and in both dogs during acute administration of cortisone and DCA.
To observe its effects, both with and without a water load, cortisone was given, in separate experiments, three hours before the water dose, or at the time of the water dose, or three hours after it. The cortisone was given in one of three different ways: (i) intravenously, as a microcrystalline suspension of 50 mg. cortisone acetate in 1 ml. distilled water, dose 10 to 50 mg.5; (ii) intravenously, as cortisone tricarballylate,6 dose 30 to 90 mg. freshly dissolved in a few ml. of isotonic saline, or (iii) orally, as cortisone acetate (Cortone@, Merck), dose 50 mg.
DCA was injected intravenously as a microcrystalline suspension in distilled water, made to the same specifications as the cortisone acetate,5 dose 2.5 to 5.0 mg. It was given three hours after the water dose.
Other procedures. On 47 occasions the diuretic response to the standard water dose (supra) and the accompanying outputs of sodium and potassium were measured for three hours without determining GFR and ERPF. 4 The priming infusion consisted of hypertonic creatinine and PAH in about 60 ml. of distilled water. The sustaining infusion consisted of approximately isotonic creatinine and PAH, and was given at a steady rate of 24 to 30 ml. per hour. The effects of these infusions on water and electrolyte excretion were measured during equilibration, and on GFR and ERPF during succeeding periods totalling 45 to 60 minutes, before the water dose was given. 6 Specially prepared by Chemical Specialities, Inc., N. Y. 8 A water-soluble but unstable ester, specially prepared by Merck, Ltd., N. J.
In another group of experiments the effects of intravenous cortisone acetate, and of DCA, on excretion of water, electrolytes, and endogenous creatinine were measured but, without the complicating effects of an infusion or water dose.
Chemical methods
The methods used for the following chemical estimations are indicated by the references: sodium and potassium, by an internal lithium standard flame photometer (22) having an error of less than one per cent; plasma and urinary chloride (23); plasma and urinary creatinine (24) ; PAH (25) ; urinary phosphate (26) ; blood urea nitrogen (27) ; plasma specific gravity (28, 29) . The urinary pH was measured by indicators within one-half minute of urine collection.
RESULTS

I. Water and Electrolyte Balance in Relation to
Chronic DCA Therapy After Adrenalectomy Assessment of bodily hydration Adequacy of the DCA therapy was assessed by observing the weight, appetite, and activity (30) . In dog A the dose of DCA was deliberately varied so that the effects of changes in bodily hydration could be studied. Inadequate DCA therapy (e.g., 0.5 to 0.6 mg.) was followed by a rise in hematocrit, plasma specific gravity and potassium and a fall in plasma sodium; the expected loss of weight did not always occur (Figure 1 ) because of water retention, apparently intracellular, from the repeated water doses (Figure 2 ). Excessive DCA therapy (e.g., 1 to 1.5 mg.) caused excessive gain in weight, a fall in plasma specific gravity, and a slight rise in plasma sodium concentration (Figures 1 and 2 ). The plasma specific gravity was the most sensitive index of hydration; the hematocrit and plasma sodium and potassium were almost as sensitive to inadequate, but not to excessive, therapy; blood urea was an unreliable index.
In order that renal function could be assessed in relation to bodily hydration, the renal data were grouped as follows: 1) optimal therapy, all periods on 0.6 to 0.75 mg. DCA per day, 7 2) 
Duration of action of the therapeutic DCA injections
The sodium-retaining action of the DCA injections ceased after about eight hours in dog A ( Figure 3 ) and after 12 to 18 hours in dog B. There was then a delayed excretion of the dietary sodium. From 18 to 24 hours after the DCA, which is the period when renal function was studied, the sodium excretion remained steady or fell further; the kidneys had then escaped from DCA effect.
II. Renal Function Glomerular filtration rate (GFR) and renal plasma flow (ERPF)8 (a) Effects of adrenalectomy, relative to DCA therapy (Table I) . In dog A, after adrenalectomy, GFR was consistently subnormal when on optimal DCA therapy, but rose after water ingestion. On excessive DCA therapy GFR was higher and sometimes became normal after water ingestion. Changes in ERPF were essentially parallel.
In dog B, GFR fell to subnormal levels during the second month after adrenalectomy, but throughout the post-operative period it rose less after water than before adrenalectomy. A short period of excessive DCA therapy in this dog (3 mg. a day for three days) did not raise the GFR (Table I) , but there was no accompanying retention of sodium and water.
(b) Acute effects of DCA on GFR. Intravenous DCA (2.5 to 5 mg.), though it caused almost maximal reabsorption of sodium by the tubules, did not increase GFR, ERPF, or endogenous 8 The effects on GFR and ERPF of the infusions used in measuring them need to be considered. During nine experiments in dog A, there was a consistent rise in GFR of 11 Ingestion of the standard water dose was followed by a subnormal diuresis which was subsiding at three hours when the steroid was given. Cortisone caused a rise in GFR or endogenous creatinine excretion and return of water diuresis. DCA had no effect on GFR or water diuresis. Each excretion rate shown covers a 45-minute period ending at three, or seven and one-half hours after water ingestion, as indicated at the bottom of the graph. After DCA, sodium excretion was less than 4 i'Eq. per minute. CA = cortisone acetate, CTCA = cortisone tricarbalylate, given I.V. except when specified. creatinine excretion, or augment the effect of cortisone on these functions ( Figure 4 , Table II ).
(c) Acute effects of cortisone on GFR. (i) Without water ingestion. In both dogs 50 mg. of intravenous cortisone acetate caused a mean 30 per cent rise in endogenous creatinine output which began within one to two hours (Table II) . That this was due to the acute rise in GFR was confirmed in dog A; within three and one-half hours of intravenous injection of 23 mg. Of cortisone acetate GFR had risen from 53 to 68 ml. per minute, and ERPF from 116 to 222 ml. per minute (Table III) .
(ii) Accompanying, or preceding, water ingestion. The rise in GFR and ERPF from water ingestion was greater with cortisone than (Table I) .
(iii) Three hours after water ingestion (Figure 4) . When cortisone was given three hours after the water dose, orally as the acetate, or intravenously as the acetate or tricarballylate, endogenous creatinine excretion rose by 25 to 33 per cent. Without cortisone it did not rise.
(d) GFR relative to plasma volume and specific gravity. Plasma specific gravity was used as an index of hemodilution and was measured concurrently with GFR during all experiments. Grouped data from the periods without cortisone showed a high inverse correlation between GFR and plasma specific gravity (r = -0.84). Grouped data from the periods between one and six hours after cortisone showed no such correlation (r = -.034), but GFR was higher relative to plasma specific gravity ( Figure 5 ).
Again, in four experiments unaccompanied by infusion or water ingestion, 50 mg. of intravenous cortisone acetate had no effect during four hours on plasma volume, specific gravity or electrolyte concentrations; concurrently, however, the en- (Table IV) . These findings suggested that the acute effects of cortisone on GFR were not dependent on an increase in plasma volume.
(e) The effect of saline infusion on GFR (Table I ). This experiment was designed to find out whether the chronic effects of excessive DCA therapy on GFR could be reproduced acutely, when on optimal DCA therapy, by infusing isotonic saline. Isotonic saline, 40 ml. per Kgm. of body weight, was infused during 75 minutes. When the water dose was given at the end of this infusion, GFR was 10 ml. higher than the mean fasting level on optimal DCA therapy (37.1 s.d. 2.8 ml. per min.). Four hours later GFR had risen to its pre-adrenalectomized level (Table  I ). This effect was preceded by defecation, slight edema, and restlessness, suggesting mild water intoxication. Thus, the chronic effects of excessive DCA therapy on GFR were reproduced acutely by overloading with sodium and water; water diuresis, however, was largely inhibited.9 9 Defecation during diuresis experiments in the intact dog is usually accompanied by prolonged antidiuresis (31) . This was also our experience on other occasions, in the adrenalectomized dog.
Sodium excretion 'O (a) In relation to water diuresis. Before adrenalectomy, even when GFR rose after water ingestion, the fasting sodium output remained low or fell further ( Figure 6 ). After adrenalectomy, water ingestion always raised GFR (Table I) , and there was then a parallel rise in the fasting sodium excretion, an effect which was further accentuated when on excessive DCA therapy10 ( Figure 6 ).
(b) In relation to GFR, without cortisone. On analysis of grouped data from the periods after adrenalectomy, there was a high correlation between GFR and sodium output (r = 0.84 and 0.82 in the two dogs) ( Figure 6 ).1 10Before adrenalectomy the sodium output, 18 hours after food, was always less than 25 isEq. per minute. After adrenalectomy it was always higher (40 to 100 ;&Eq. per minute), due partly to delayed excretion of dietary sodium which had been retained during the period of action of the injected DCA. This "escape effect" was much greater during excessive DCA therapy, owing to the longer action of the larger DCA injections and the compensating effect of higher GFR (infra).
I"Because the changes in plasma sodium concentration were small, when this data was calculated as the quantity of sodium filtered (Na' = Nat X GFR) and the percentage reabsorbed by the tubules (Na R/F), the correlations were essentially similar. (c) In relation to GFR, after cortisone. By raising GFR cortisone increased the sodium output. There was still a correlation between GFR and sodium excretion (r = 0.77 and 0.43 in the two dogs), but for any given level of GFR the rate of sodium excretion was less than when no steroid had been given (Figure 6 ).11 Figure 7 shows typical changes in sodium filtration (Na') and reabsorption (Na R/F) after cortisone. It will be seen that there was an early and persistent rise in (Na1). The fall in sodium reabsorption (Na R/F) was, however, interrupted at two to three hours, when cortisone was acting maximally on sodium reabsorption. After oral cortisone (adjoining graph) the rise in GFR was delayed, and until this rise occurred sodium reabsorption remained almost complete.
Thus, cortisone had both vascular (GFR) and metabolic (tubular sodium reabsorption) effects on the kidney, which did not necessarily coincide in their points of maximal intensity. In acute The first experiment shows typical changes after intravenous cortisone. Independent of Na', tubular sodium reabsorption was greatest at about two and onehalf hours. In the second experiment, oral cortisone did not raise Na' acutely. Tubular sodium reabsorption was therefore complete until Na' rose after water ingestion. Changes in potassium excretion were largely independent of GFR. experiments the net result, which was increased sodium output, seemed to be due to preponderance of the filtration effect over the relatively weak tubular effect.
(d) In relation to intravenous DCA. Intravenous DCA, either alone or combined with cortisone, caused maximal tubular reabsorption of sodium within one and one-half hours, despite any rise in GFR due to the cortisone (Figures 4 and  6 , Table II ).
Potassium excretion
Both cortisone and DCA, given separately or together, caused an early rise in potassium excretion. This effect was largely independent of GFR and did not correlate closely with the changes in sodium excretion (Figures 4 and 7 , Tables II and  III) .
Anion excretion (Table II) During the first three hours after cortisone, the chloride excretion varied directly with the sum of the sodium and potassium excretion. During the next three hours this relationship ceased; chloride excretion then fell or remained steady, despite a further rise in cation excretion. Although the phosphate output always rose during the second three-hour period, by the fifth hour after cortisone the combined outputs of sodium and potassium exceeded those of chloride and phosphate by 60 to 100 /AEq. per minute. Because the urine was then of maximal alkalinity,12 most of this undetermined anion was probably bicarbonate. These changes did not occur after intravenous DCA.
Diuresis after water ingestion18
(a) Renal aspects of diuresis after adrenalectomy.
(i) The effects of chronic DCA therapy (Figure 8) . Diuresis from water ingestion varied directly with the current level of DCA therapy.
12The possibility that urinary infection might have contributed to the abnormally high urinary pH was not excluded.
lsDiuresis from the standard water dose was always greater when there was an accompanying infusion of creatinine and PAH. The two groups of experiments have therefore been shown separately in Figure 8 .
Compared with the pre-adrenalectomized state,", during optimal DCA therapy both the onset and peak of diuresis were delayed, and the maximal rate of urinary flow and the percentage of the water dose excreted in three hours were both greatly diminished. During inadequate DCA therapy there were further delays in diuresis (Figure 2) .
Excessive DCA therapy restored the pattern of diuresis almost to normal, as judged only by the urine volume. However, volume alone was not a true measure of water diuresis because of the 14During the initial training period before adrenalectomy, at first diuresis was sometimes delayed and of poor volume. Because these failures seemed to be due to liberation of antidiuretic hormone, in response to catheterization, venepuncture, etc., data from these early experiments have not been included in this paper.
high urinary sodium outputs (infra). In dog B, the delay in onset of diuresis was shortened by giving four times the optimal DCA therapy for three days, but the percentage of the water dose excreted in three hours was not increased (Figure 8) . In this instance the higher DCA dosage was not continued for long enough to cause any gain in weight, hemodilution or elevation of GFR (Table I) .
(ii) Acute effects of cortisone (Figure 8 ). WITH AND WITHOUT CORTISONE All data plotted are the means of three consecutive 15-minute measurements, embracing the peak urine flow. In dog B there was no relation between GFR and maximal urine flow. In both dogs cortisone increased maximal urine flow relative to GFR was largely independent of the level of GFR ( Figure 9 ).
(iii) Acute effects of DCA (Figure 4 ). Intravenous injection of 2.5 mg. of DCA did not increase water diuresis or augment the effect of cortisone on water diuresis.
(iv) Urine osmolarity and GFR. Urine osmolarity during the 45-minute peak of diuresis was calculated indirectly.15 No consistent relation was found between the level of GFR and the capacity to secrete a hypotonic urine. During diuresis after cortisone the urine osmolarity was much lower than in control experiments, irrespective of the level of GFR.
(b) Homeostatic aspects of water diuresis. The function of water diuresis is to correct acutely, by selective excretion of water, the dilution of body fluids which results from water ingestion. After adrenalectomy, though water ingestion caused normal hemodilution,"' the water loads 15 Calculated from the urinary concentrations of urea, creatinine, and (sodium and potassium X 2). 16 The speed and magnitude of the fall in plasma specific gravity after water ingestion was the same after adrenalectomy as before. Water absorption from the gut was therefore presumed to be normal.
were not excreted with normal rapidity, and the hemodilution persisted. These failures were acutely corrected by cortisone. The dilution of body fluids after water ingestion was measured by the falls in plasma specific gravity and sodium concentration. The return of these indices towards normal was then followed at intervals in relation to the total water excreted in excess of urinary isotonic sodium (Table V) . In seven control experiments in the two adrenalectomized dogs, excluding the periods on excessive DCA therapy, at the end of three and three-fourths hours only 22 per cent of the water load had been excreted in this unobligated form and the plasma sodium concentration was still 5 per cent less than its initial value. In eight similar experiments with cortisone the findings, respectively, were 61 per cent excretion of water unobligated to sodium and 1.3 per cent reduction of the plasma sodium concentration. When the diuresis induced by cortisone after water ingestion was followed to its natural termination, the total urinary volume usually greatly exceeded the water load; yet, the total volume of urinary water unobligated to sodium, though sometimes equalling the water load, The two experiments were, made without an infusion, when on optimal DCA therapy, with an interval of four days. At the end of diuresis after cortisone, the total water excreted in excess of total urinary isotonic sodium was equal to the water dose, and the plasma sodium concentration had returned to normal. never exceeded it. By then the plasma sodium had returned to its initial concentration ( Figures  10 and 11) . The balance between the water load and the volume of unobligated water excreted was closest during cool weather, when insensible water loss was minimal. Thus, cortisone restored to normal the homeostatic function of water diuresis of correcting the plasma sodium hypotonicity, but did so at the expense of a negative balance of total body water.
DISCUSSION
Certain effects of adrenalectomy on the kidney are clearly secondary to loss of sodium. To measure other effects, which may not be dependent on sodium depletion, renal function must be studied under conditions of optimal bodily hydration, i.e., in a state of sodium and water balance comparable to that existing before adrenalectomy. Such conditions are probably best obtained by combining daily injections of DCA with a constant diet and a small addition of sodium chloride. The advantages of such a regimen over one of DCA implantation are that the dose can easily be adjusted to meet any departure from the optimal state, and that renal function can be assessed during its escape from DCA effect.
Using dogs of around 10 Kgm. weight, on an added salt intake of 2 gm. a day, other authors have shown that the minimal amounts of DCA needed for normal health and hydration are between 0.25 and 0.5 mg. a day (10, 11) . With the same added salt, the dogs reported here needed 0.6 to 0.75 mg. a day which, allowing for their greater weight, is closely equivalent to the above amounts. Raising or lowering the dose of DCA by as little as 0.15 mg. was followed by consistent changes in body weight or in plasma specific gravity and electrolyte concentrations. Critical adjustment of the DCA therapy is thus essential for obtaining a steady optimal state, a precaution apparently overlooked in most previous studies.
After adrenalectomy the filtration rate seemed to vary with the state of bodily hydration, as was suggested by its inverse correlation with the plasma specific gravity, and by the over-retention of water which always accompanied the rise of filtration, whether chronic, as during excessive DCA therapy, or acute, from water ingestion or saline infusion. However, since filtration and renal blood flow remained subnormal even after optimal therapy had corrected any sodium depletion, at least a part of this failure could not be ascribed merely to reduction of the intravascular or extracellular fluid volumes. Some data on cardiac output are needed to throw further light on this problem.
The absence of any acute effect of DCA on filtration was in marked contrast with the rise in this function which occurred when excessive DCA therapy had caused over-retention of sodium and water. Though Davis and Howell found a subacute rise of filtration rate in the intact dog when DCA was given intramuscularly at more than twenty times the dosage used intravenously in the present experiments (32) , this effect was considerably less than after cortisone or ACTH; and it is not clear from their data whether any sodium retention preceded the rise in filtration. It is possible, therefore, that DCA may have some primary action on the filtration rate when given in doses that are greatly excessive in terms of electrolyte effects.
The action of cortisone on the filtration rate and renal blood flow differs fundamentally from that of DCA in its rapidity of onset and its apparent independence of plasma volume or sodium balance. It would seem that cortisone has a "permissive" action of allowing a higher and more normal proportion to exist between the filtration rate and the level of bodily hydration. Whether this effect is confined to the kddneys or is part of a more widespread circulatory response cannot be decided from the present data.
The normal dog excretes a sodium load more rapidly than does man, and puts out only negligible amounts of sodium after 18 hours of fasting. The sodium output falls further during sustained maximal water diuresis (31) , and, as has been shown in the present studies, either falls or increases only slightly when the filtration rate rises during acute water diuresis. After adrenalectomy, however, there is a partial loss of tubular ability to conserve sodium, and the filtration rate becomes the main regulator of sodium output. The adrenalectomized dog comes to resemble the saltloaded normal dog in that both show a direct relation between sodium filtration and sodium output (33) . This could be explained by assuming that salt-loading of the intact animal may suppress the secretion of a powerful sodium-retaining steroid, whereas in the normal fasting state this steroid 17 may already be present in amounts large enough to prevent any increase in sodium output when filtration rises after water ingestion.
Although its sodium-retaining action is well recognized (4), cortisone often increases sodium excretion (15, 18, 19, 36, 37) . To explain this paradox, it has been suggested that under certain conditions, notably in the presence of DCA, cortisone may inhibit tubular reabsorption of sodium (15) ; and a concept has arisen of intratubular competition between cortisone and a steroid with more potent sodium-retaining effects, which cortisone is supposed to displace (17) . This hypothesis ignores the important role of filtration rate in regulating sodium output. In the present studies it has been shown that after cortisone there is still a clear correlation between filtration rate and sodium output, though the latter is slightly less, and the fraction of filtered sodium reabsorbed slightly higher, than at parallel levels of filtration without cortisone. Thus, though cortisone in- 17 Probably aldosterone (34, 35) .
creases sodium reabsorption, this effect is not enough to prevent a net increase in sodium output in the presence of increased filtration of this ion. Similarly, Davis and Howell found in the intact dog that a great natriuresis accompanied the rise in filtration induced by cortisone or ACTH (32); and, though Roberts and Pitts did not find this effect in the adrenalectomized dog, it should be noted that there were no changes in filtration rate during the short periods of their experiments (14) . When DCA and cortisone were given together, reabsorption of sodium became almost complete, despite increased filtration. Similarly, Roberts and Pitts have shown that these two steroids have a summative effect on sodium reabsorption (14) . Since the natriuretic effects of cortisone can now be adequately explained by increased filtration, there is no further need to invoke the hypothesis of competition between these steroids at the renal tubular level.
It is still a matter of dispute why adrenal failure should inhibit the capacity for water diuresis. The main issue concerns the cause of the renal failure to excrete a more hypotonic urine after water ingestion, despite adequate hemodilution (8, 13) . Theoretically, this failure could be due either to extrarenal factors, such as continued secretion of antidiuretic hormone (ADH), or to intrinsic renal disturbances, conditioned by lack of adrenal hormones, and independent of the presence or absence of ADH. To consider first the present data on renal factors: when a normal filtration rate was restored by forced water ingestion during excessive DCA therapy, the ability to excrete a hypotonic urine, though still diminished, was greatly improved. Because the possibility of there having been any direct effect of DCA during these experiments seems to have been excluded by the high sodium outputs, and because DCA did not acutely correct filtration rate or water diuresis, it could be argued that the improved diuresis was somehow related to increased filtration. On the other hand, when cortisone restored the capacity for a normal water diuresis, the increased output of a more hypotonic urine sometimes occurred before filtration had risen. It is thus probable that an abnormality of tubular function, whether primary or secondary to ADH, is the essential factor in causing inhibition of water diuresis, though lowered filtration rate probably plays an additional role.
To consider next the evidence concerning extrarenal factors: it has been suggested that the action of ADH may be prolonged unduly in adrenal failure because of delayed inactivation of this hormone by the liver (38) . However, this does not explain why water diuresis should end prematurely, after only a small fraction of the water load has been excreted, instead of continuing to increase slowly as the inactivation of ADH proceeds. If ADH be the paramount factor, it must therefore be postulated that this hormone is being continuously secreted during the long period of delayed diuresis. The secretion of ADH might so persist either because the osmoreceptors cannot function at their normal threshold when deprived of adrenal hormones, or because there is a further unidentified stimulus to ADH secretion, possibly humoral or arising from volume receptors.
SUMMARY
Changes in GFR, ERPF, electrolyte excretion, and water diuresis were studied in two adrenalectomized dogs in relation to bodily hydration and to acute administration of cortisone and DCA.
The dogs received daily DCA therapy which was assessed by its effects on bodily hydration as inadequate, optimal or excessive. Renal function was measured during the daily escape from DCA effect.
After adrenalectomy GFR and ERPF were subnormal on optimal DCA therapy, but rose after water-loading or saline infusion. DCA had no acute effect on GFR and raised it only when causing excessive retention of sodium and water. Cortisone raised GFR acutely, without change in plasma volume and despite a negative sodium balance.
After adrenalectomy, during escape from DCA effect, the sodium output varied directly with GFR. DCA caused acute maximal sodium retention. Cortisone usually increased the sodium output by raising GFR, thereby obscuring its other effect of slightly increasing tubular sodium reabsorption at any given level of filtration.
After adrenalectomy, water diuresis was greatly diminished, and was acutely restored by cortisone, 774
